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RESPONSES OF CHANNEL CATFISH, ICTALURUS PUNCTATUS, 
T-L YMPHOCYTES TO OUTER MEMBRANE PROTEINS OF 
EDWARDS/ELLA ICTALURI 
Director of Thesis: 
Edwardsie/la ictaluri causes enteric septicemia (ESC) of channel catfish. Each 
year this disease causes a significant loss of fish and money to the aquaculture 
industry. The humoral system has been extensively studied, but very little is known 
about the cell-mediated component of the catfish immune system, particularly T-cell 
responses. The effective control for ESC would be a vaccine that elicits both the 
humoral and the cell-mediated functions of the immune system. The purpose of the 
research was to further understand the catfish cell-mediated immune system, 
especially the T-cell responses, by identifying the immunodominant antigen of E. 
ictaluri that would induce the mitogenic responses of channel catfish T-lymphocytes. 
The outer membrane proteins of E. ictaluri were separated into fractions and used as 
antigenic stimulants for the T-cells. Tests were nin for both 18 and 72 hr in the 
presence of the antigens with Concanavalin A used as a positive control. The 35.5-
44.7 kDA and the 12.6-20.0 kDA proteins oftheE. ictaluri outer membrane 
fractions produced a slight mitogenic response of T-cells when compared to Con A 
and a control. The only significant difference was observed in the 12.6-20.0 kDA at 
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18 hr when compared to the Con A and the control. The fact that there was little 
significant difference noticed within any of the groups is believed to be due to the 
limited population of I-cells that were obtained from bleeding. 
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Background and Literature Review 
Background of enteric septicemia of catfish 
Bacterial pathogens are the most important disease-causing organisms in the 
aquatic environment. Many of these bacteria are facultative and cause disease and 
death to many fish (Mqolomba, 1992). One such pathogen is Edwardsiella ictaluri, 
which causes enteric septicemia of catfish (ESC; Durboraw, 1991 ). All isolates of E. 
ictaluri have been from the North American fresh water catfish family Ictaluridae, with 
the majority from the channel catfish Jctalurus punctatus (Plumb, 1983). Isolates have 
been found in the white catfish, Jctalurus catus, and in the brown bullhead, Jctalurus 
nebulosus (Plumb, 1983). In the southeastern part of the United States, the channel 
catfish is the principal commercial fish (Sherman, et al., 1992). Catfish are raised 
under high stocking densities of8,000 -12,000 fish/acre and because of this, an 
epizootic can be devastating (Sherman, et al., 1992). In 1988, catfish farmers lost six 
million dollars in revenues due to infectious diseases such as ESC (Sherman, et al., 
1992). ESC affects all sizes of channel catfish, but it occurs most often in young 
fingerlings up to 15 centimeters in length (Durboraw, 1991 ). The high morbidity and 
mortality associated with ESC and its rapid onset in the spring and fall make it a major 
threat to catfish farming (Klesius, 1992). 
Epizootics ofESC occur between 22° and 28° C with peak outbreaks occurring in 
May, June, September, and October (Durboraw, 1991 ). This disease represented 26% 
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of all disease outbreaks in the Southeastern United States in 1986 and 50% of all cases 
in Mississippi in 1988 (Mqolomba, 1992). Many bacterial pathogens cause disease 
when the fish are stress~d (Plumb and Sanchez, 1987). ESC epizootics may cause 
significant mortalities of500 to 2,000 fish per day in ponds containing 80,000 to 
1,000,000 fish (Durboraw, 1991). ESC is thus considered the leading cause of 
bacterial mortality in cultured catfish in the United States (Waltman, 1989). Many 
bacterial pathogens cause disease when the fish are stressed (Plumb and Sanchez, 
1987). 
ESC continues to increase as the aquaculture industry expands and greater 
demands on the aquatic environment for more production (Plumb, 1983). Originally, 
E. ictaluri was thought to be a strict obligate pathogen; however, it has now been 
shown that the organism can survive in pond bottom mud at 25° C for up to 
ninety-five days serving as a source of infection (Mqolomba and Plumb, 1992). 
Infected catfish have recently been established as another source of reinfection for 
highly susceptible channel catfish (Mqolomba, 1992). Also, it is believed that catfish 
that survive ESC epizootics become carriers and may serve as the primary reservoir 
for E. ictaluri (Mqolomba, 1992). ESC can be contracted by a variety of means such 
as water-born exposure, injection, or oral administration; but in natural infections, the 
nares are considered the primary site of invasion of the fish (Plumb, 1988). The 
presence of E. ictaluri within the gonads raises the possibility that vertical transmission 
may be another mode of transmission (Mqolomba and Plumb, 1992). Currently, very 
2 
little information is known on what factors regulate the pathogenicity in the 
Edwardsiella species (Janda, 1991 ). 
Pathology of Edwardisella ictaluri 
Enteric septicemia can develop as either an acute disease or a chronic disease 
(Newton, 1988). The acute form ofESC is the most frequent form of the disease and 
develops 4-6 days after exposure (Klesius, 1992). The acute form is characterized by 
the base of the fins and tissues surrounding the nares exhibiting cutaneous petechial 
hemorrhage and ulceration (Klesius, 1992). Also, affected fish show necrosis and 
granulomatous inflammation of the mucosa of the small intestine, olfactory mucosa, 
liver, head kidney, trunk kidney, and generalized septicemia; and the fish die within a 
4- to 12-day period (Newton, 1988). The chronic form ofESC develops 3-4 weeks 
after exposure (Klesius, 1992). In this form ofESC, fish can live for weeks or even 
months (Newton, 1988). The chronic form is characterized by granulomatous 
meningoencephalitis resulting in ulceration and swelling located caudomedial to the 
eyes (Newton, 1988; Klesius, 1992). 
Treatment of enteric septicemia of catfish 
Treatment for ESC includes management practices and antibiotic therapy 
(Waltman, 1989). Antibiotic treatment has been shown to be somewhat effective; 
however, the widespread use of those antibiotics has resulted in the emergence of 
plasmid-mediated antibiotic resistance in several fish pathogens (Waltman, 1989). 
Recent studies have shown the potential for E. ictaluri to develop plasmid-mediated 
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antibiotic resistance and to transfer this resistance to other bacteria (Waltman, 1989). 
Antigenic components of E. ictaluri and vaccination studies 
Even though the antigenic component of E. ictaluri is not known, injection of the 
lipopolysaccharide (LPS) of the pathogen is antigenic and somewhat protective 
(Plumb, 1988). Limitations of such vaccines are that they prqvide only partial, short-
term immunity which require booster vaccinations, and fail to affect carrier fish. A 
successful vaccine should induce complete, long-term immunity in young catfish, and 
remain protective without booster administration. Identification of those bacterial 
components localized on the outer surface of E. ictaluri which would induce antibody, 
as well as cell-mediated responses, are necessary for the development of such a 
vaccine (Klesius, 1992). 
An E. ictaluri immunodominant antigen is considered present on the outer surface 
because catfish that recover from infection are immune to ESC (Klesius, 1992). The 
outer membrane proteins and lipopolysaccharides are likely sources for the 
immunodominant antigen, which is recognized by the catfish immune system. 
Bacterial lipopolysaccharide as well as certain proteins such as hen egg lysozyme, 
pigeon cytochrome C, and horse myoglobin have been shown to elicit sp·ecific immune 
responses within the channel catfish (Vallejo, 1990). Currently, the only purified 
component of E. ictaluri tested for vaccination has been the lipopolysaccharide 
(Thune, et al., 1997). The lipopolysaccharides of bacteria have been shown to be able 
to induce endotoxin shock, macrophage activation, B-lymphocyte proliferation, and 
4 
interferon production (Weete, 1988). However, debate exists as to the effectiveness 
of the lipopolysaccharides as possible vaccines. The lipopolysaccharide is considered 
by some to be ineffective providing little protection unless combined with Freund's 
Complete Adjuvant (Thune, et al., 1997). A lipopolysaccharide is composed of three 
parts: a polysaccharide core of2-keto-3- deoxyoctulosonic acid (3-deoxy-D- manno-2 
octulosonic acid (2-keto-3-deoxy-D manno-octonic acid)) and a heptose sugar; lipid 
A, which is composed of an acylated and phosphorylated glucosamine dimer that is 
considered to be the endotoxin portion of the LPS molecule; and an 0-specific 
polysaccharide side chain (Saeed, 1988). The LPS of E. ictaluri is considered to be of 
the rough type in that it was found to either have no or an incomplete 0-specific side 
chain when it was compared to other gram negative bacteria (Saeed, 1988). Little is 
currently known about the T-lymphocyte responses to the bacterial LPS. 
Minimal research has been published concerning the nature of the outer membrane 
proteins and which of these proteins will elicit specific T-lymphocyte responses. Most 
vaccination studies have concentrated on using killed whole bacterial cells because E. 
ictaluri strains are believed to be serologically homogeneous although results have 
been ambiguous (Thune, et al., 1997). This same research suggests booster 
vaccinations administered to channel catfish at times during the year when 
temperatures are non-permissive to bacterial infection may raise antibody titers to E. 
ictaluri and provide protection (Thune, et al., 1997). Other studies believe that a 
vaccine should confer long term immunity by initiating both the humoral, and a cell 
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mediated response. This may be possible with the use of live vaccines containing E. 
ictaluri. Past studies using monoclonal antibodies have indicated that E. ictaluri 
isolates are antigenically similar with no great differences (Bertolini, et al., 1990). 
Klesius and Shoemaker (1997) suggest that there is a difference in the ability of E. 
icta/uri isolates to protect against ESC when used as a vaccine. As opposed to 
vaccination with killed bacteria, vaccinations with low doses oflive bacteria result in 
strong acquired immunity (Klesius and Shoemaker, 1997). This was consistent with 
most of the E. ictaluri isolates, and this immunity was observed to last up to four 
months after immunization (Klesius and Shoemaker, 1997). A constructed 
adenine-auxotrophic strain of E. icta/uri may also be a live vaccine potential for the 
treatment ofESC in channel catfish (Lawrence, et al., 1997). These constructed E. 
ictaluri were shown to be highly attenuated when given to channel catfish either by 
injection, immersion, or oral routes (Lawrence, et al., 1997). Catfish exposed to these 
bacteria showed significantly less mortality (Lawrence, et al., 1997). 
Vaccination studies involving immersing channel catfish in the protein phosphatase 
inhibitor sodium orthovanadate (vanadate) have showed positive results (Evans, et al., 
1998). Catfish immersed in 25 OM ofvanadate, then subsequently challenged with E. 
ictaluri by immersion or intraperitoneal injection, had an increased immunity to E. 
ictaluri. These fish were also immune to a secondary challenge which suggests a 
possible relationship between tyrosine and serine phosphatases in the reaction of the 
non-specific immune system to a bacterial infection. A mechanism for this may be 
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increased non-specific cytotoxic cell (NCC) activity seen in the activity assays 
performed (Evans, et al., 1998). 
Vaccinations with other bacteria such as the rough (R) mutant E. coli (JS) have 
produced a significant level of protection. In channel catfish groups of 18-25 fish 
immunized intraperitoneally with E. coli (JS) with an aluminum hydroxide (alum) 
adjuvant showed 92% protection when challenged with E. ictaluri as compared to 
56% seen with fish immunized with saline. A 77% survival was noticed in catfish 
given E. coli (JS) by immersion (Tyler and Klesius, 1994). 
Vaccination effectiveness may depend on the stocking densities of the channel 
catfish ponds. Vaccination studies that compared high stocking densities of channel 
catfish to lower stocking densities showed a greater survival rate for lower stocked 
unchallenged ponds (Plumb, et al., 1994). Channel catfish were stocked in earthen 
pond replicates of four 0.1-acre (0.04 ha) with concentrations of6,000, 12,000, or 
24,000, and fed an alternating protocol of 1 % of a dehydrated E. ictaluri coated 
vaccine for S days: normal feed for 10 days: and then S more days of vaccine. Fish in 
the 6,000 and 12,000 ponds showed significantly higher survival rates than the 24,000 
stocked ponds (Plumb, et al., 1994). Survival of catfish in lower stocked ponds not 
immunized were higher than fish immunized at higher densities. Fish in higher stocked 
ponds produced smaller fingerlings and lower survival rates. Contrary to these results, 
only fish immunized in the higher 24,000/0.04 ha stocked ponds showed a positive 
percent survival when challenged with a virulent strain of E. ictaluri. Even with these 
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positive results, stressful conditions in highly stocked ponds may counteract the 
advantages of vaccination (Plumb, et al., 1994). 
Genetic crossing of channel catfish as a means to increase ESC resistance 
Past studies suggest that crossing different strains of channel catfish may increase 
the resistance to bacterial, viral, and parasitic infections ( Dunham and Smitherman, 
1984; Dunham and Smitherman, 1987; Plumb, et al., 1975). However, more recent 
experiments show that the crossbreeding of three strains of channel catfish, Red river, 
Norris, and MXK (Marion X Kansas) did not show an increased resistance to E. 
t, 
ictaluri due to the crossing (Wolters, et al., 1995). Because of this is was mentioned 
that perhaps there maybe no dominant course for disease resistance and crossing could 
decrease this disease resistance (Wolters, et al., 1995). Different strains than the ones 
tested may yield different results (Wolters, et al., 1995). 
Channel catfish antibody studies 
E. ictaluri infection does induce specific antibodies (K.lesius, 1992). Protection to 
E. ictaluri is suggested to be not linked to just Ab production, but is dependent upon 
the production and maintenance of high Ab titers (Thune, et al., 1997). Infected 
catfish have produced antibodies to an E. ictaluri exoantigen, that contains an 
immunodominant antigen (Klesius, 1993). This immunodominant epitope appears to 
be the 34 and 60 kDa outer membrane proteins as tested by immunoblot analysis 
comparing sera from infected fish and immunized fish (Plumb and Klesius, 1988). 
Others suggest that the strongest immunogenic proteins are located between 34-37 
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kDa and also at the 60 kDa (Thune, et al., 1997). The antibody responses to E. 
ictaluri were not found to be consistent. Some fish injected with formalin-killed E. 
icta/uri did not develop antibody responses. Some catfish believed not to be infected 
were found to possess a latent infection. Because of this delayed infection, these fish 
were considered to be carrier fish. Antibody responses differed between the catfish 
that may be carrier fish and naive catfish. The latent fish did not exhibit an Ab 
response to E. ictaluri (Klesius, 1988). It has been suggested that the carrier fish may 
not develop Ab responses or have decreased responses compared to naive fish. 
The antibody of the channel catfish is called IgM because of its similarity to the 
mammalian IgM. It is a tetrameric protein of about 750 kDa. The antibody possesses 
eight identical antigen binding sites and shows considerable size heterogeneity 
(Klesius, 1992). The tettameric immunoglobulin has been found in the cutaneous 
mucus as well as the serum. Both are similar, but unlike the serum antibody the mucus 
antibody appears to be locally produced (Hayman and Lobb, 1993). In contrast to 
mammalian antibody responses, the channel catfish antibodies do not switch from the 
tetrameric antibody to a lower molecular weight antibody in secondary immune 
responses (Klesius, 1992). IgM produced by the channel catfish immune system 
against E. icta/uri has the same properties as the antibody that is produced against 
non-living antigens (Klesius, 1992). At pr\)sent it is not known if there is maternal 
transfer of antibodies (Klesius, 1992). Past studies have suggested that channel 
catfish larvae do not produce any antibodies and the immune system does not mature 
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until early in the first year (Klesius, 1992). Antibodies play an important function in 
protecting developing embryos in higher vertebrates and this may also be the case with 
the channel catfish (Hayman and Lobb, 1993). The tetrameric IgM immunuglobulin of 
the channel catfish has been located within the fertilized egg (Hayman and Lobb, 
1993). Eggs which are two to three days old have shown the presence of 
immunoglobulin within the external membrane of the egg and also dispersed 
throughout the yolk (Hayman and Lobb, 1993). Because fry do possess a yolk sack 
after hatching it is possible that there could be some passive maternal antibody 
transfer, but as of yet this is still unproven (Hayman and Lobb, 1992). Also the 
channel catfish humoral response was compared to Aeromonas hydrophila , 
Edwardsiella tarda, and seven species of bacteria that are normal intestinal flora of the 
channel catfish. It was found that the channel catfish antibody response demonstrated 
a high degree of specificity to E. ictaluri (Chen and Light, 1994). 
Channel catfish are considered to have a similar organizational pattern of their lg 
heavy chain (IgH) locus as mammals (Ross, et al., 1998). However, catfish have a 
different number of constant regions than mammals due to the expression of 
fundamentally IgM-like Ab (Ross, et al., 1998). Also, no evidence exists to suggest 
that there is chromosomal rearrangement resulting in class switching in the IgH locus 
(Ross, et al., 1998). In mammals the intronic enhancer (ED) controls the 
transcriptional control of the IgH genes (Ross, et al., 1998). Mammalian B-cell 
unique expression is driven by three mechanisms and these mechanisms are believed to 
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be involved in ED transcriptional control (Ross, et al., 1998). One mechanism 
consists ofE-box motifs (DEl-5), found in the promoter and enhancer, that partner 
with E47 and TFE3 transcription factors. The second mechanism consists of DA(o) 
and DB sites in the enhancer (Ross, et al., 1998). The DA and DB elements 
considered necessary to the ED of mice are lacking in the channel catfish (Maggor, et 
al., 1994; Maggor, et al., 1997). The third mechanism of mammalian B-cell 
expression consists of octamer motifs that bind to POU-domain transcription factors 
located in enhancer and promoter regions (Ross, et al., l 998). The catfish enhancer is 
considered unusual due to its diffuse structure and 3' position on the D gene (Maggor, 
et al., 1994). It is believed that the channel catfish uses Oct2, a transcription 
homologue that may be essential in the expression of the IgH gen·e locus (Ross, et al., 
1998). This is believed because of the presence of multiple octamer motifs and the 
lack of functional DA and DB elements (Ross, et al., 1998). 
The channel catfish light chains can be distinguished as two structurally distinct 
classes called F and G (Ghaffari and Lobb, 1997). The F constant light chain or FCL 
shows a <3 5% amino acid similarity with the GCL regions. The gene segments are 
organized in clusters with the G and F clusters organized differently. VL segments are 
located upstream of h-CL segment in G clusters, and there is the possibility of two h 
segments in each cluster. F clusters differ in that they are V-J-C clusters possessing 
only one h segment per cluster, and may have additional levels of genetic diversity 
(Ghaffari and Lobb, 1997). 
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The age of the channel catfish may influence antibody production (Zilberg and 
Klesius, 1997). Using enzyme-linked immunosorbent assay a difference in the 
concentration ofimmunoglobin in the serum and mucus was noticed with respect to 
age. Between 3 and 15 months of age increased serum lg concentrations were seen, 
but mucus lg was slightly decreased prior to infection with E. ictaluri. The 
concentrations of mucus lg were different upon different regions of the body with the 
highest concentrations being found directly caudal to the gill covers and between the 
pectoral to anal fins. Serum lg levels greatly increased 13 days post infection with E. 
ictaluri, and mucus lg levels decreased after 14 days. Results showed that serum lg 
responded to E. ictaluri and mucus lg did not (Zilberg and Klesius, 1997). 
Catfish white blood cell descriptions 
Catfish leukocytes are unique in that it is possible to maintain long term or 
immortalized cell lines which resemble B-cells, T-cells, and macrophages (Clem, et al., 
1996). Channel catfish immortalized cell lines are unusual and different from 
mammalian cell lines in that they can be maintained without the need of transformation 
or exogenous factors (Clem, et al., 1996). Catfish leukocytes consist of such cells as 
thrombocytes (which are most numerous), lymphocytes, eosinophils, and basophils. 
Catfish effector cells located in peripheral blood are believed to be separate from 
B-cells, macrophages, and non-specific cytotoxic cells (Yoshida, et al., 1995). These 
leukocytes are cytotoxic against allogenic but not xenogenic targets (Yoshida, et al., 
1995). It is not known whether these cells are related to T-cells (Yoshida, et al., 
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1995). Another subpopulation oflymphoid cells that are believed to belong to the 
T-cell lineage are referred to as thymocytes (Passer, et al., 1996). These cells were 
discovered by using murine monoclonal antibodies which identified a T-cell antigen 
cffl. This cffl antigen was found on a T-cell line and in other lympho-hemopoietic 
tissues. Macrophages, thrombocytes, erythrocytes, myeloid cells or B-cells did not 
posses this T-cell antigen (Passer, et al., 1996). The studies of the cell-mediated 
responses have been mostly limited to macrophages and neutrophils and the role of T-
lymphocytes in catfish immunity are poorly understood. 
Channel catfish neutrophil and macrophage description 
On the basis of morphology channel catfish neutrophils were noticed to contain few 
mitochondria, a lot of granules, and very little rough endoplasmic reticulum 
(Finco-Kent and Thune, 1987). The neutrophils phagocytic activity toward E. ictaluri 
is in debate (Klesius, 1992). Certain past studies suggest neutrophils do not 
phagocytize bacteria while others say that there is phagocytosis but not as much as is 
seen in macrophages (Klesius, 1992). The ability of macrophages to kill E. ictaluri is 
believed to be higher in channel catfish that are immune to E. ictaluri (Shoemaker, et 
al., 1997). The higher killing ability was especially seen in immune fish when 
antibodies to E. ictaluri were used to opsonize the bacteria (Shoemaker, et al., 1997). 
There is debate as to whether if the bacteria are phagocytized if they are actually 
being killed or if they continue to live within the vacuoles of both the macrophages and 
the neutrophils where they can then be disseminated throughout the catfish (Klesius, 
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1992). This is believed because the killing of the bacteria within the vacuoles has not 
been observed (Waterstrat, et al., 1991). 
The neutrophils have an extracellular effect on the killing of E. ictaluri based on 
the observation that there is a noticeable decline in the numbers of bacteria when they 
are subjected to the extracellular products produced by the neutrophils (Waterstrat, et 
al., 1991 ). The neutrophils produce an oxidative burst microbicidal activity that is 
enhanced by a specific antibody (Waterstrat, et al., 1991). In this oxidative burst 
reaction there is an increase in the uptake of oxygen by the neutrophil (Dexiang and 
Ainsworth, 1991). The oxygen is then reduced by the neutrophil to a superoxide 
anion that can be further reduced either spontaneously or by enzyme-mediated 
dismutation into hydrogen peroxide (Dexiang and Ainsworth, 1991 ). The superoxide 
can be detected because it has the ability to reduce ferricytochrome c, and hydrogen 
peroxide can be detected by a horseradish peroxidase reaction (Dexiang and 
Ainswort~, 1991 ). The oxidative burst activity can also be measured by a luminol-
dependent chemiluminescent assay (Waterstrat, et al., 1991). The interaction of the 
superoxide and the hydrogen peroxide yields other more toxic intermediates such as 
hydroxyl radicals and singlet oxygen, which also kill bacteria. Unstimulated cells show 
very little oxidative burst activity. Certain types of antigens can affect the neutrophils 
oxidative burst activity. Zymosan, a cell wall extract from the yeast Saccharomyces 
cerevisiae, and whole bacterial cells show a longer lasting and stronger stimulatory 
action on the neutrophils. LPS initiates a quicker oxidative burst response than 
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zymosan and whole cells but with a lesser intensity. When compared to human 
neutrophils, catfish neutrophils produced three to four times less oxygen superoxide 
(Dexiang and Ainsworth, 1991 ). 
Stress is a considerable factor in the regulation of catfish neutrophils. Neutrophils 
from stress induced catfish have been shown to have a stronger bacterial killing ability 
(Waterstrat, et al., 1991). This stress response is also dependent upon cortisol levels 
(Waterstrat, et al., 1991). 
Factors influencing channel catfish immune_ function to E. ictaluri 
Certain factors such as water temperature, season, stress, and diet affect the catfish 
immune response to E. ictaluri. Low water temperatures have bee~ shown to 
suppress both B-and I-cell responses; however, phagocytes like the neutrophils are 
more resistant to the lower temperatures (Ainsworth, et al., 1990). This suggests an 
importance of phagocytes at lower temperatures. However, fish immunized with a 
formalin-killed E. ictaluri at a temperature of 25° C for four to five days were shown 
to have higher antibody levels, with a longer antibody response duration, and better 
protection against the bacteria. This was only if they were then placed in cooler water 
after the four to five days rather than continually kept at 25° C (Klesius, 1992). 
The change of seasons is also a very important factor in E. ictaluri infecti_on. This 
is because epizootics ofESC occur between 22° and 28° C with peak outbreaks 
occurring in May, June, September, and October (Durborow, 1991 ). Water 
temperature changes are greatest during these months and rapid changes in water 
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temperature may suppress the fish immune system (Klesius, 1992). 
Stress due to handling, transport, and ammonia can cause immunosuppression in 
catfish. Stress causes a reduction in both circulating B- and T- cells. Surprisingly in 
neutrophils stress has been shown to increase their number and their bactericidal 
activity (Klesius, 1992). Stress can be due to poor water quality such as overstocking, 
inadequate filtration and not enough aeration because this may cause the presence of 
excess ammonia. Fish are very susceptible and sensitive to the ammonia levels in the 
water. Too much ammonia will quickly lead to fish death. Ammonia exists in 
equilibrium between two forms, an ionized form and a non-ionized form. The pH of 
the water determines the concentrations of each of the forms. The higher the water 
pH, the higher the concentration of the non-ionized form. The non-ionized form is 
responsible for the ammonia's harmful effects to fish while the ionized form is 
relatively harmless. Other factors that can determine how harmful the non-ionized 
form includes; salinity of the water, temperature, species, age and size of fish, oxygen 
and carbon dioxide levels, and calcium levels (Bader and Grizzle, 1992). Research has 
shown that stressed fish that are exposed to E. ictaluri are more susceptible to 
infection than unstressed fish (Ciembor, et al., 1995). 
Diet can influence the immune system and growth of the channel catfish 
A diet fully provided with iron increased appetite, feeding activity, growth, 
hematocrit, and total blood cell count as compared to fish fed an iron deficient diet 
(Chhom and Klesius, 1997). In some instances, mildly decreased serum levels of iron 
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may increase protection from infection as seen in Atlantic salmon infected with Vibrio 
villarom and in human infants (Chhom and Klesius, 1997). Even though channel 
catfish were not protected from infection with E. ictaluri by dietary iron, mortality was 
delayed in fish fed an iron complete diet. Iron deficiency in a severe case decreased 
the chemotactic response to E. ictaluri by macrophages. This result was removed if 
fish were fed an iron complete diet for four weeks (Chhom and Klesius, 1997). 
Vitamins such as vitamin E, vitamin C, are suggested to be involved in the 
functions of the immune system of the channel catfish. Vitamins such as vitamin E, 
vitamin C, and dietary fatty acids were shown to enhance the killing of E. ictaluri by 
macrophages (Klesius, 1992). Also, catfish mortality due to E. ictaluri infection was 
shown to decrease with an increase in dietary ascorbic acid (Klesius, 1992). Antibody 
responses and phagocytic activity toward E. ictaluri were suppressed when fish were 
fed an ascorbic acid-deficient diet (Klesius, 1992). It is believed that 26 mg/kg is all 
the vitamin C required for growth and feed efficiency (Meng, et al., 1993). Elevated 
vitamin C levels showed no improvement in the resistance against E. ictaluri infection; 
however, fish fed vitamin C did have higher weight gain and less feed waste than 
catfish fed a vitamin C-free diet. Mortality, rates were significantly higher in fish fed a 
vitamin C-free diet (Meng, et al., 1993). Vitamin Chas also been linked to the folate 
requirement of channel catfish (Duncan and Lovell, I 994). When fish were fed 
vitamin Cat 200 mg/kg and a low or high supplement offolic acid 0.4 or 4.0 mg/kg 
fish challenged with E. ictaluri exhibited the maximum survival rate and antibody 
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production. Only the higher level of fol ate concentration exhibited maximum survival 
if the vitamin C concentration was lowered to 20 mg/kg which suggested that vitamin 
C is somehow connected to folate requirement (Duncan and Lovell, I 994). Folate in 
the diet reduces the occurrence of pale livers, kidneys, and spleens. It also increased 
growth, hematopoesis, and bacterial infection resistance even without vitamin C. Fish 
were seen to have lordosis and scoliosis with no vitamin C or folate, symptoms which 
were not seen in fish given vitamin C. Fish deprived of vitamin C but given high levels 
of folate had anemia, a reduced hematocrit of red and white blood cells, large 
abnormal erythrocytes, and binucleated erythrocytes. Fish fed the lower dose of 
vitamin C exhibited the largest numbers of irregular cells (Duncan and Lovell, 1994 
Dietary fatty acids are linked to immune function. Channel catfish are fed both n-3 
and n-6 fatty acids as a dietary supplement (Meng, et al., 1994) . These fatty acids are 
often given in lipid sources such as catfish offal oil, menhaden oil, and beef tallow. 
However the lipid source itself may decrease the ability of the catfish immune system 
to resist E. ictaluri. There is debate about the benefits of menhaden oil as a dietary 
supplement. Dietary menhaden was observed in one study to lower the catfishs= 
resistance to E. ictaluri. From this it was suggested that menhaden oil be combined 
with other animal or plant lipids to give the adequate 11-3 / 11-6 fatty acid ratios (Meng, 
et al., 1994). Survival of channel catfish was found to be lower in another study in 
which fish were fed menhaden oil or linseed oil (Francalossi and Lovell, 1994). Fish 
fed cod liver oil, linseed oil, and menhaden oil, had equal or better growth than fish not 
18 
fed these lipids (Francalossi and Lovell, 1994). Also, fish fed menhaden oil had the 
highest production of antibodies even though survival was lower (Francalossi and 
Lovell, 1994). This suggested that antibody levels are not consistent with survival 
(Francalossi and Lovell, 1994). Juvenile channel catfish fed diets with soybean oil, 
menhaden oil, beef tallow, or a combination of the three did not show a significant 
difference in erythrocyte and leucocyte counts or corpuscular volume (Francalossi and 
Lovell, 1994). Significantly higher hematocrits, thrombocyte counts, and serum iron 
levels were noticed in fish fed menhaden oil (Klinger, et al., 1996). These fish also 
showed the lowest levels of erythrocyte osmotic lysis and the highest 11-3 levels in 
pronephros tissue (Klinger, et al., 1996). Menhaden oil is also believed to increase 
macrophage bactericidal activity, but this may be correlated with temperature. The 
higher mortality rate of fish fed manhaden or linseed oil at higher temperatures was 
believed to be due to a competitive inhibition of arachidonic acid metabolism by 11-3 
fatty acids as seen in warm blooded animals (Francalossi and Lovell, 1994). The 
ability of macrophages to kill bacteria has been shown to increase when fish are also 
fed high levels of the highly unsaturated fatty acid called 11-6 (Meng, et al., 1994). 
Arachidonic acid is a precursor to eicosanoids which are 20-carbon compounds that 
control certain steps of humeral and cell mediated immunity (Kinsiella and Lokesh, 
1990). 
Over winter feeding of channel catfish may not be necessary for disease resistance. 
Channel catfish that were not fed through the months of December - February showed 
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similar weight gain and body composition in the spring as catfish fed all year around 
(Kim and Lovell, 1995). This is conflicted by the notion over winter feeding may be 
necessary to provide nutrients for resistance to bacterial infection that occur in the 
spring (Kim and Lovell, 1995). 
Antibiotic treatments for any catfish bacterial infections 
The major treatment given for bacterial infections in fish are antibiotics such as in 
feed or dissolvable tablet form. Only two anti-microbial agents are registered by the 
U.S. Food and Drug Administration for use with cultured catfish. These are Romet 
(sulfadimethoxine and ormetoprim, 5:1) and Terramycin (oxytetracycline; Hawke, 
1992). A limitation of the medicated feed is that sick channel catfish consume less 
food; therefore, they consume less antibiotics which decreases the effectiveness of the 
medication (Klesius, 1993). The use of antibiotics may also be ofa possible health 
concern to fish handlers. Certain gram-negative species Citrobacterfreundii, 
Escherichia coli, Klebsiella pneumoniae, and Edwardsiella tarda are all opportunistic 
human pathogens. Resistance to certain antibiotics such as tetracycline has been 
shown for gram-negative bacteria, which are fish pathogens, but a higher resistance 
has been found in the possible human pathogens. Human opportunistic gram-negative 
bacteria have been shown to colonize the human intestine. It is believed that these 
antibiotic resistant bacteria may pass on their resistance to the microflora or to 
undigested pathogens. This could pose a health risk to fish handlers with wound 
infections. However, it has been shown that after 21 days, tetracycline resistance in 
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the bacteria will decrease to non-medicated pond levels. Because of this fish may not 
be sold until 21 days after oxy tetracycline treatments (De Paola, et al., 1995). 
Research objective 
The purpose of the proposed research is to identify the specific antigenic 
component or immunodominant antigen of E. ictaluri (i.e. outer membrane proteins, 
lipopolysaccharide) which induce proliferation of channel catfish T-lymphocytes. This 
research should provide a better understanding of catfish cell-mediated responses, 
especially the T-lymphocyte responses to E. ictaluri. 
Significance of proposed research 
Enteric septicemia of catfish is considered the leading cause of bacterial mortality in 
cultured catfish in the United States (Waltman, 1989), and results in the loss of 
millions of dollars in revenues. A fundamental understanding of immune processes in 
channel catfish are required so that an effective vaccine can be developed. 
Immunization is a preferred avenue to disease control because chemical treatments are 
costly and are largely controlled by legislation (Plumb, et al., 1986). The major goal 
of the proposed research is to gain a better understanding of the cell- mediated 
immune responses particularly the T-cell responses because at present little is known. 
Knowledge of both the humoral and the cell-mediated responses are necessary for the 
development of control strategies for enteric septicemia of catfish, especially in the 
development of an efficient vaccine. This research could also provide insight into 
further areas of T-cell biology that could be studied in the future. 
21 
Materials and Methods 
Channel catfish 
Channel catfish were first obtained from a small independent supplier in Wolf 
county, Kentucky. This supplier was soon changed because it was found that their fish 
exhibit numerous infections, including the parasite protozoan lchthyophthirius 
multifilis, the bacteria Aeromonas sp. and E. ictaluri, and the fungal infection 
saprolegniasis. Saprolegniasis is a collective term used to describe external water 
mold infections which are difficult to individually identify due to similarity in 
appearance. The fungi were found to be a cold water mold and very dependent upon 
the temperature of the tank. It was possible to successfully treat infections of I. 
multifilis by using commercial brands ofICK treatment such as Ick Guard (Jungle 
Laboratories, Tx. ). Eventually, Saprolegniasis was controlled by maintaining the 
aquarium water at 76 ° F at all times. The fungus was not treatable in the small 
aquarium conditions using common fungal chemical treatments. The fungus grew very 
rapidly and quickly spread to the other fish. This fungus is known to infect open 
wounds of ill fish, but in this case the fungus infected even healthy uninjured fish. 
Various treatments were performed. When the fungus was first noticed on the fish, 
the tanks were "taken down", meaning all of the water was drained and the tanks 
sterilized with bleach. The bleach was washed out of the tanks completely and the 
water returned with two to three times the amount of chlorine neutralizer solution 
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added to ensure that the bleach was thoroughly removed. Bacteria were cultured in 
the lab on blood agar plates and fed a dilute solution of ammonia hydroxide (2 drops 
to 10 mL sterile dH20). These bacteria, which consisted of the natural ammonia-
utilizing bacteria found in all set up aquaria, were then added to the tanks. After the 
tanks were reset up then different treatments were applied to the fish. These included 
a commercial fungal treatment, methylene blue, and salt treatment. The tanks were 
"taken down" between the commercial fungal treatments and the methylene blue 
treatments to prevent mixing of the medicines. Salt was often mixed with the 
treatments. The formaldehyde treatment added directly to the infected area was 
shown to be effective. The formaldehyde was personally believed to be too strong of a 
treatment to treat the entire aquarium water because formaldehyde treatment is very 
stressful, and it would have killed the bacterial filtration system necessary for the 
control of ammonia levels. 
The second source of channel catfish was the Frankfort Fish Hatchery in Frankfort, 
Kentucky. They were held in aquaria at 28° C for 1-3 weeks to overcome stress 
(Ellsaesser and Clem, 1986). These fish showed no signs of disease. 
Edwardsiella ictaluri 
Edwardsiella ictaluri was grown and maintained on brain heart infusion agar 
(Difeo Laboratories, Detroit, MI) and blood agar at 28° C with a dH20 filled dish 
added to provide humidity. The bacteria were checked by gram stain, analytical 
profile index (API), and prepared slants of nitrate, citrate, and triple sugar iron agar. 
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These tests were performed to verify that there was no contamination of the cultures 
and that E. ictaluri was the bacteria being used for all of the tests. 
Preparation of heat-killed Edwardsiella ictaluri 
E. ictaluri were grown for two and three days in 2000 mL of brain heart infusion 
broth at 28 ° C in a shaking incubator (Durborow, 1991 ). The brain heart infusion 
broth culture was transferred to sterile 250-mL centrifuge bottles and spun at 7,900 
rpm for 20 min at 4 ° C. The pelleted down cells were then resuspended in 10 mL of 
sterile saline. The bacterial cells were heat treated by boiling for 30 min at 100 ° C. 
The cells were then cooled and stored at 4 ° C until they were tested for viability on 
blood agar plates. The bacterial concentration was determined by serial dilutions on 
blood agar plates. 
Channel catfish immunization 
Fish were placed on a sponge wetted with warm aquarium water and handled as 
briefly as possible. The heat-killed bacterial solution of E. ictaluri was loaded into 1-
mL syringes at a volume of0.25 mL and a concentration of2.25xl07 bacteria per 
syringe. One syringe was used for each fish to be injected to prevent spread of 
diseases among the fish. The fish were then intraperitoneally injected with the 0.25 
mL of heat-killed bacteria. 
Isolation of outer membrane proteins 
For the isolation of the outer membrane proteins (OMP), E. ictaluri were grown in 
brain heart infusion broth at 28° C (Durborow, 1991 ). The bacteria were concentrated 
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by centrifugation at 12,000 x g for 20 min. The supernatant was discarded and the 
pellet was washed once at a pH of7.4 in 25 mL of l0mMHEPES buffer (Sigma 
Chemical Co., St. Louis, MO). The bacteria were resuspended in IO mL of a 1 OmM 
HEPES buffer, placed in an ice bath, and broken up by sonication four times at 15 sec 
second bursts 20 Khz amplitude set at 3 (550 sonic dismembrator, Fisher scientific). 
The intact cells and large debris was removed by centrifugation at I, 700 x g for 20 
min. The total membrane preparation was then collected from the supernatant by 
centrifugation at 100,000 x g for 60 min at 4 ° C. The pellet was resuspended in 1 mL 
of 1 OmM HEPES buffer then extracted with an equal volume of 2% sodium lauryl 
sarcosinate (SLS; Sigma) in 10 mMHEPES buffer for 30 min at 24° C. The 
detergent-insoluble fraction was harvested by centrifugation at 100,000 X g for 60 min 
at 4° C and resuspended in distilled water (Barenkamp, et al., 198 !). The 
concentration of the protein was determined by the Bradford assay (Bradford, 1976). 
For the determination of very low protein concentrations, uv light spectrophotometry 
at 260 nm was used. The standard that was used for both the Bradford and the 
spectrophotometer studies was bovine serum albumin (BSA; Sigma). Sodium 
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was used to check 
the protein samples purity (Laemmi, 1970). Gels were stained using Coomassie blue 
and silver stain or a combination of both. 
Separation of proteins for assays 
The outer membrane protein preparation (100 µL) was added to 100 µL of2x 
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standard treatment buffer (Tris D, 10% SDS, glycerol, 2-P-mercaptoethanol, 0.2% 
bromophenol blue, and dH2O) and then boiled for 3 min to be used in a SDS-PAGE. 
The proteins were then cooled 3 min on ice. Following this, 5 µL aliquots of high 
molecular weight and low molecular weight markers (Bio-Rad) were loaded into two 
wells for later molecular weight determination. In the other wells, 3 0 µL of protein 10 
µg was added per well. The gels were allowed to run at 150V until the leading dye 
reached the bottom of the gel. The high and low marker part of the gel, which also 
contained the desired protein bands, was cut so that it may be stained and used as 
reference to cut out individual bands. The reference gel was notched at one corner to 
maintain orientation and then stained in coomassie blue. The other half of the gel was 
placed in the destaining solution to fix the proteins in the gel. Following the staining of 
the gel by coomassie blue the gel was then destained. It was then necessary to 
counter stain the gel with a silver stain to observe the faint bands. The other half of 
the gel containing the proteins of interest was taken out of the destaining solution and 
then allowed to soak in dH20 on a shaker for 2-3 hours to remove the destaining 
solution. This gel was then placed next to the reference gel and sections of 1. 5 and 2 
cm were cut from it. The reference gel was dried and then used to determine the 
molecular weights of the proteins contained in the cut gel strips. Each of the cut gel 
strips were placed in their own dialysis bag with just enough running buffer to cover 
the gel and both ends of the bag were tied off. The dialysis bags were placed in a flat 
electrophoresis apparatus with running buffer and allowed to run for an hour and a half 
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at 150V to elute the protein from the gel. The dialysis bags were then placed in 2000 
mL PBS at 4°C to allow for the diffusion of SDS from the bags. The PBS solutions 
were changed 2000 mL at a time once a day up to 8000 mL. The protein solutions 
were removed from the bags and their concentrations were determined by a 260 nm uv 
spectrophotometer. The protein solutions were then placed in glass test tubes and 
stored at 20°C in the PBS until use. 
Isolation of channel catfish T-cells 
T-cells were harvested from the peripheral blood of E. ictaluri-immunized catfish. 
Catfish were bled at around 2 to 3 weeks after their initial injection with the heat-killed 
bacteria. Tricaine methanesulfonate (MS-22) also called Finquel diluted to 400 mg/5 
L was used as an anesthetic for the channel catfish. Using a 4-mL evacuated, 
heparinized tube and a sterile 21-ga 1.5 in needle, blood was obtained by venipuncture 
of the caudal sinus and then diluted 1:1 with calcium-magnesium free Hank's balanced 
salt solution (CMF-HBSS; Gibco BRL, Gathersburg, MD). Fish were returned to the 
tank with 4 g of salt to ease stress. Four mL of diluted blood was layered over a 
multiple layer discontinuous density gradient composed of 2 mL of Percoll (Kabi 
Pharmacia, Piscataway, NJ) diluted to densities of 1.060, 1.065, 1.070, 1.080 g/mL in 
polystyrene centrifuge tubes. Upon centrifugation at 3 00 x g for 20 min, lymphocytes 
were harvested from the 1.065-1.070, diluted 1:10 with CMF-HBSS and pelleted at 
300 x g for 20 min (Waterstrat, et al., 1988). The cells were washed twice at 300 g 
for 10 min at 25° C and prepared for panning by resuspension in catfish RPMI (nine 
27 
parts RPMI 1640; one part water; Gibco BRL). 
By using indirect panning, the lymphocytes were separated into surface 
immunoglobin• and surface immunoglobin- populations (Sizemore, et al., 1984). A 
10 mL suspension of0.2 mg/mL rabbit anti-mouse lg diluted in PBS was added to-the 
polystyrene plates for 36 hrs at 4°C (Organon-Teknika Corp.) to prepare the rabbit 
anti-mouse antibody coated plates. After decanting the antibody solution, the antibody 
solution was frozen until it could be used again at a later date. Following the antibody 
removal, the plates were washed with PBS three times. Then the plates were soaked 
with catfish RPMI containing 2% fetal bovine serum (Gibco ), IO mM HEPES buffer, 
I% L-glutamine (Sigma), I 00 units penicillin (Sigma), and I 00 µmoles streptomycin 
(Sigma) for 40 min at 23°C. Isolated channel catfish lymphocytes (2 x 10 8/mL) were 
mixed with murine monoclonal antibody-producing hybridoma tissue culture 
supernatant at a final dilution of I :3 for 30 min at 4°C. After washing the cells twice in 
catfish RPMI, IO mL of the suspension was added to the rabbit anti-mouse IgG-coated 
dishes and incubated at 4°C for 90 min. One wash was saved and the non-adherant 
cells CT-lymphocytes) were aspirated and saved (Ainsworth, et al., 1990). 
Preparation of micro-exudate coated plates 
It has been shown that baby hamster kidney cells (BHK), which are a fibroblast cell 
line, secretes proteins to the bottom of microtiter wells. When the fibroblasts are 
removed from the wells, channel catfish peripherial blood leukocytes (PBL) can be 
added. From this only the catfish macrophages will stick to the proteins and all other 
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cells can be washed out (Sizemore et al., 1994). BHK cells were cultured in RPMI 
1640 medium with 10% Fetal Bovine Serum, 1% Pen/Strep at 37°C in atmosphere of 
5% COi/95% humidity. They were allowed to grow to confluency. The cells were 
detached from the tissue flask with 0.25% trypsin, 0.30% EDTA, in RPMI 1640. The 
cells were harvested, washed two times, then counted with a hemocytometer. A 
concentration of 10,000 BHK cells in 100 µL of culture medium were added to each 
well ·of a 96-well microtiter plate. The BHK cells were then allowed to grow over the 
bottoms of the wells. The BHK cells were detached with 10 mMEDTA in PBS after 
the media was decanted form each well. The wells were repeatedly washed with PBS. 
The plates were then wrapped with parafilm and kept at 4°C until they were to be 
used. Immediately before use, microexudate coated wells were washed twice with 
CF-RPMI (90 mL RPMI, 10 mL sterile dH20, 2% Fetal Bovine Serum, l0mM 
HEPES buffer, 1% L-glutamine, 15 Pen/Strep solution and 2% Pooled Catfish 
Serum). 
Catfish T-cell proliferation assay 
Channel catfish macrophages and T-lymphocytes in the microexudate plates were 
subjected to different antigens for different time intervals to determine if the 
T-lymphocytes would respond to a particular antigen. To test T-cell responses to 
whole cell E. ictaluri bacteria were boiled at I 00°C for an hour and then centrifuged in 
a 1.5-mL centrifuge tube for 5 min at 14,000 rpm in a microcentrifuge. These cell~ 
were then resuspended in cell culture media or CF-RPMI-A using sterile techniques. 
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It was determined that around 1.1 x 10 9 whole cell bacteria were being added per 
well. Channel catfish T-cells were at a concentration of 1.5 x 10 5 cells per well. At 
time zero, the T-cells were added to the antigen in three wells, three wells kept as 
negative controls, and 4.5 µg/mL of Con A was added to three wells to have a positive 
control. Simultaneously, 3H-thymidine was added to each well and allowed to culture 
for 18 hr total. At time 0, cultures would be stimulated with E. ictaluri unfractionated 
OMP, fractionated OMP, whole bacterial cells, or concanavalin A (Con A). A 
negative control consisted of wells that had no stimulant. Con A was chosen as the 
positive control because T-cells have been shown to respond in the presence of 
monocytes and accessory cells to a significant degree (Ellsaesser, el al., 1988). Three 
wells (if possible) were used for each experimental group. Cells for some microculture 
cell plates were allowed to culture for 18 hr in the presence of antigen. Others were 
allowed to culture for 72 hr in the presence of antigen to determine the time required 
for antigen processing and presentation. To the wells, 10 µl of0.05 µCi 3H-thymidine 
was added. In the case of the 18 hr cultures the 3H-thymidine was added at the same 
time as the antigenic stimulants. The same protocol was used in 18 hr groups that 
tested T-cell proliferation to protein fractions. A fraction of proteins ranging between 
12.6 and 20.0 kDA (OMP fraction 1) or 35.5 and 44.7 kDA (OMP fraction 2) were 
excised from the gel according to previous protocols. These proteins were kept in 
PBS. A 1-mL volume was loaded into a syringe then sterile filtered into sterile 
microcentrifuge tubes. A concentration of 2 µg/mL of protein was added to three 
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wells, 4.5 µg/ml of Con A was added to three wells, and three wells were kept as 
controls. For the 72 hr cultures the 3H-thymidine was added after the 72 hr and then 
allowed to culture for 18 hr. To determine ifT-cells were stimulated, all cells were 
harvested from the individual wells and then lysed with dH2O on a glass filter leaving 
only radioactive DNA to stick to the filter. The glass filters were then placed into 
IO mL of scintillation cocktail. A scintillation counter was used to determine if the 
catfish T-cells had incorporated the 3H-thymidine from their media into their DNA 
during proliferation by taking counts per minute. 
Statistics used 
The statistical analysis calculation used was the one tailed student t-test comparison 




API test to determine bacteria purity 
E. ictaluri grown on both brain heart infusion agar and blood agar plates were 
shown to have punctiform colonies which was characteristic for the bacteria. Bacterial 
cultures checked by gram stain showed long gram-negative rods with no other 
contaminating bacteria present. When bacteria were checked by API and the prepared 
slants the API profile number 4024000 did not match to the API index (Analytab 
Products, 1985). The results, however, were consistent with published results for 
Edwardsiella ictaluri (Waltman, et al., 1986). Prepared slants of triple sugar iron agar 
showed a yellow slant, yellow butt, and no gas. These results indicated lactose ( + }, 
sucrose (-) reaction consistent with published results for Edwardsiella ictaluri 
(Waltman, et al., 1986). Results of the API and prepared slants are shown in Table I. 
Separation of E. ictaluri outer membrane proteins 
Figure 1 shows the separation of the outer membrane proteins by SDS-PAGE. A 
silver-stained 12.5% SDS-PAGE gel was used to fractionate the OMP. The dominant 
bands thought to contain the immunodominant antigens were cut from the gel at the 
35.5-44.7 kDa and 12.6-20.0 kDa molecular weight ranges. 
Channel catfish T cell responses to whole bacterial cells after 18 hr exposure 
Figure 2 shows that whole bacteria 3H-thymidine counts and Con A treated wells 
were only slightly larger than the control. There was, however, no significant 
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Table I. API test results to confirm bacterial identity. 
Test Reaction Published Results for 
E. ictaluri 
ONPG NEG NEG 
ADH NEG NEG 
LDC POS POS 
ODC NEG NEG 
CIT NEG NEG 
H2S NEG NEG 
URE NEG NEG 
TDA POS POS 
IND NEG NEG 
VP NEG NEG 
GEL NEG NEG 
GLU POS POS 
MAN NEG NEG 
INO NEG NEG 
SOR NEG NEG 
RHA NEG NEG 
SAC NEG NEG 
MEL NEG NEG 
AMY NEG NEG 
ARA NEG NEG 
N2 NEG NEG 
CATALASE POS POS 
NITRATEAPI NEG NEG 
NITRATE SLANT NEG NEG 
LYSINE SLANT POS POS 
ORNATHINE SLANT POS POS 
OXIDASE NEG NEG 
CITRATE SLANT NEG NEG 
POS = 90-100% POS; NEG= 0-10% POS 
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Figure 1. Separation of E. ictaluri outer membrane proteins. A silver-stained 12.5% SOS-
PAGE ofE. ictaluri outer membrane proteins. Lane 1, High MW markers; Lane 2 Low MW 
markers; Lane 3 OMP protein fractions. Left side molecular weights of markers in 
kDa right side OMP protein fractions. 
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difference noticed within any of the groups when whole bacteria was compared to 
Con A, when Con A was compared to the negative control, and when the whole 
bacteria was compared to the control (p values= 0.3806, 0.0517 and 0.3077 
respectively). 
T-cell responses to whole bacterial cells for 72 hr 
The heat-killed bacteria were treated according to the previous protocol. The 
concentration of the bacteria was I. 8 x IO 7 cells added to the wells. There were 
6.1 x 104 T-cells per well. At time zero, the heat killed bacteria was added to three 
wells, Con A at a concentration of 6. 75 µg/mL was added to three wells, and three 
wells were maintained as controls. The results shown in Figure 3 indicate that the 
control was higher than every other group, even the positive Con A control group. 
Although there was no significant difference between the whole bacteria group and the 
Con A group (p= 0.1395), there were significant differences between the whole 
bacteria group and the control group (p= 0.0502), and between the Con A group and 
the control group (p= 0.0192). 
T-cell responses to OMP fraction I after 18 hr 
The OMP protein fraction consisting of proteins ranging from 12.6 to 20.0 kDA 
(OMP fraction 1) was tested for their ability to stimulate T-cells. A concentration of2 
µg/mL of protein was added to three wells, 4.5 µg/ml of Con A was added to three 
wells, and three wells were kept as controls. Each well contained 1.1 x 106 T-cells. 
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Figure 4. T-cell responses to OMP fraction 1 after 18 hr. 
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highest count. There is no significant difference between fraction 1 and con A (p= 
0.3380). There were significant differences between the Con A and the control (p= 
0.02650), and between fraction 1 and the control (p= 0.0344). 
T-cell response to OMP fraction 1 after 72 hr 
The same protocol was used as in the previous 72 hr study. A concentration of30 
µg/mL ofOMP fraction 1 was added to three wells, 6.75 µg of Con A was added to 
three wells, and three were left as controls. The concentration of T-cells per well was 
3.0 x 104• Figure 5 shows that the fraction 1 stimulation had the highest count with 
Con A stimulation having the next highest. There was no significance between the 
OMP fraction 1- and the Con A- stimulated cells (p= 0.3380), or between the OMP 
fraction 1- stimulated and the control cells (p= 0.0843). Comparison between the Con 
A and the control showed significance (p= 0.0265). 
T-cell responses to OMP fraction 2 after 18 hr 
A second OMP fraction tested contained proteins within a M.W. range of 35.5 to 
44.7 kDA. A concentration of2 µg/mL of the protein was added to three wells, 
4.5 µg/mL of Con A, and three were left as controls. The T-cell concentration was 
9 x 104• As Figure 6 shows, OMP fraction 2 stimulation had the highest counts with 
Con A stimulation having the next highest. There was no significant difference 
between the groups when comparing OMP fraction 2- and Con A- stimulated cells, 
Con A and the control cells, and OMP fraction 2 and the control (p=0.4376, 0.3105 
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T-cell responses to OMP fraction 2 after 72 hr 
To three wells 30 µg/mL ofOMP fraction 2 was added, 6.75 µg/mL of Con A was 
added to three wells, and three were left as controls. The total T-cell concentration 
was 2. 8 x 104 cells per well. Figure 7 shows that the control group had the highest 
counts and cells stimulated with OMP fraction 2 having the second highest counts. 
There was no significant difference when OMP fraction 2 was compared to Con A, 
when the Con A was compared to the control cells, and when OMP fraction 2 was 
compared to the control (p=0.1512, 0.2106, and 0.2178 respectfully). 
T-cell responses to unfractionated OMP 
To three of the wells of the microexudate plate, 30 µl ofan unfractionated OMP 
preparation with a concentration of 22. 8 µg of OMP was added, to three wells 
6. 75 µg/mL of Con A, and three wells were left as a control. The total T-cell 
concentration per well was 6.4 x 104• Figure 8 shows a dramatic difference between 
the total unfractionated OMP-stimulated cells and the other two groups. The 
unfractionated OMP-stimulated group was significantly different from the control 
(p= 0.0027). Also, there was a significant difference between the unfractionated OMP 
and the Con A (p=0.0033). There was no significant difference between the control 




































In isolated cultures, both monocytes and B lymphocytes which are cells with 
surface immunoglobulin+ (slg+) have been shown to be efficient antigen presenters 
(Vallejo, et al., 1990). Peripherial blood leukocytes (PBL), taken from channel catfish 
previously challenged with a hemocyanin antigen and then paraformaldehyde fixed will 
produce specific antibody and proliferative responses in vitro when antigen pulsed. 
This indicates the importance of antigen processing and presentation in immune 
responses of the channel catfish (Vallejo, et al., 1990). 
Macrophages are required as antigen presenters to the T-cells. When catfish T-
cells were tested against B-cell mitogens, lipopolysacharides (LPS), or Concanavalin A 
(Con A) there was little mitogenic response until macrophages were added (Ellsaesser, 
et al., 1988). Other research supports the notion that Con A is a potent T-cell 
mitogen in combination with macrophages (Bly and Clem, 1991). B-cells alone or 
mixed with macrophages respond well to LPS, but not Con A, when using radioactive 
3H-thymidine to test for mitogenic activity (Sizemore, et al., 1984). Macrophages also 
were not observed to exhibit mitogenic responses in the presence of Con A (Sizemore, 
et al., 1984). T-cells, however, can be stimulated without the presence of 
macrophages with a phorbol ester, in conjunction with the calcium ionophor A23 l 87, 
producing a 92.3% mitogenic response (Lin et al., 1992). 
These conclusions led to the previous research which observed that crude 
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preparations of E. ictaluri outer membrane proteins used as antigenic stimulants 
caused a significant increase in the T-lymphocyte mitogenic responses to E. ictaluri 
(Hamilton, 1995). This research also confirmed that T-lymphocytes produced 
significant mitogenic responses when stimulated with Con A in the presence of 
macrophages as suggested in previous findings (Hamilton, I 995). 
This study was performed as a continuation of the previous research (Hamilton, 
1995). Different antigen fractions of E. ictaluri were used to determine if they could 
stimulate T-cells to proliferate from a fish that was pre-sensitized to the bacteria, as 
they would if exposed to an antigen in vivo. From this type of study it may be possible 
to determine an immunodominant antigen which may someday be used in vaccine 
studies. 
There were little significant differences found within any of the experimental 
groups. This is believed to be due to the limited population of T-cells that were 
obtained from bleeding. Preferably, 106 T-cells should have been added to each well 
(Bly and Clem, 1991). In this study the T-cell numbers ranged from 2.8 x 104 to 
l.lx 106 with most of the T-cell counts being below 106. This is probably because of 
the small size of the fish, which were around 5 to 8 in. in length. In many cases the 
control was the group with the highest counts. This could have been due to not 
mixing up the cells well enough ):iefore adding them to the microexudate plates giving 
uneven T-cell numbers, but again it is believed that the wide variation in the results 
may be due to an inadequate T-cell population. Some of the extremely low counts 
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seen in the 72 hr data is believed to be due to cell death of an already depleted 
population. Increased concentration of Ag (Fig. I) should produce a greater immune 
response. Because of this concept and the knowledge that there were so few T- cells, 
the protein concentration was increased from 2 µg/mL to 30 µg/mL. This 
concentration was randomly selected just to determine if the increased protein 
concentration would initiate a higher immune response because the macrophages were 
also few in numbers. It was believed that there was a greater chance that the protein 
antigen would come in contact with a macrophage at a higher concentration. 
However, the protein fragments were stored in PBS and the OMP was stored in SLS, 
a rather strong detergent, both of which can harm cells. Adding the increased protein 
fraction concentration to. the wells also increased the concentration of salt or PBS to 
the cell culture environment that may have compromised the cells' ability to survive 
for the 72 hr time. This may also have been the case with the SLS. The SLS may not 
have been completely removed and this could have compromised the cells. However, 
even these data are not consistent because in some instances, the control to which 
nothing was added is lower than the experimental groups; and in others, the OMP 
fraction produced a higher response (Fig. 8). Again the main consideration for the 
broad data is the limited T-cell number. 
Past studies have mentioned the possibility of an immunodominant antigen. There 
is believed to be an immunodominant antigen located at 34 and 60 kDAs (Plumb and 
Klesius, 1988). Others suggest that the strongest immunogenic proteins are located 
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between the 34-37 kDa and also at the 60 kDa (Thune, et al., 1997). In this study, it 
was noticed that the OMP fraction 2 which contains proteins in the molecular weight 
range of35.5 to 44.7 kDA, showed a slight increase over the control in the 18 hr 
study, even though this was not a significant increase. Perhaps a study with a larger 
T-cell population may show significance. The OMP fraction 1 with proteins in the 
molecular weight range of 12.6 to 20.0 kDA, showed a greater count over the other 
groups at the 72 hr study but not the I 8 hr study. It may be that those different 
protein types and sizes require different time intervals before they can be processed 
and presented. This was also seen in the whole bacterial cell study in which the whole 
cell group produced a higher response at the 18 hr study but not at the 72 hr study. 
The reason that the OMP fraction 1 proteins showed higher counts at the 72 hr 
could mean that it might contain an immunodominant antigen. This is not known for 
sure however, since the small molecular weight sizes it contains and the lack of really 
dominant thick bands on the gel could mean that the immunodominant antigen is 
sparsely populated on the surface of the bacteria. This would make it difficult for the 
catfish's immune system to quickly react. 
This work was performed to provide information about the T-cell responses of the 
channel catfish immune system by studying the responses to different outer membrane 
protein fractions to help in the future development of vaccines to E. ictaluri. 
Currently, little is known about the catfish T-cell responses. The identification of 
those bacterial components localized on the outer surface of E. ictaluri which would 
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induce an antibody, as well as cell mediated responses, are necessary for the 
development of vaccines (Klesius, 1992). A successful vaccine would induce 
complete, long-term immunity in young catfish, and remain protective without booster 
administration (Klesius, 1992). ESC continues to increase as the aquaculture industry 
expands and greater demands on the aquatic environment for more production (Plumb, 
1983). Currently, antibiotic treatments are being used for controlling E. ictaluri 
infections. These antibiotics are administered in the feed. A limitation of medicated 
feed is that sick catfish consume less food; therefore, th~y consume less antibiotics 
which decreases the effectiveness of the medication (Klesius, 1993). Antibiotic 
treatment has been shown to be somewhat effective; however, the widespread use of 
those antibiotics has resulted in the emergence of plasmid-mediated antibiotic 
resistance in several fish pathogens (Waltman, 1989). 
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